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, Wang [2] Elastica , Fig.1
$L$ $F’$ , $\alpha$
$0\sim 2\pi$ , .
Fig.1 ,
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$EI$ : Flexural rigidity
$s’$ : Arc length
$\theta$ : Local angle of inclination
$x’,$ $y’$ : Cartesian coordinate
$F’$ : End load
Fig 1: The coodinate system
, (1) $s’$ , (3) , .
$EI \frac{d^{2}\theta}{ds^{2}}=F’\sin\theta$ (4)










$s= \frac{s’}{L},$ $x=x’$ $\frac{y’}{L},$ $K^{2}= \frac{F’L^{2}}{EI}M=\frac{M’L}{EI}$ (8)
, Fig.1 , $0$ ,
slope angle $\alpha(0\leqq\alpha\leqq 2\pi)$ , .
$\theta(0)$ $=$ $\alpha$ (9)
$\frac{d\theta}{ds}(1)$ $=$ $0$ (10)
, (5,9, 10) , .
3




(10) , (11) $0$ $s$
.
$\theta(s)-\theta(O)=\int_{0}^{s}\{\int_{1}^{\omega}K^{2}sin\theta d\rho\}d\omega$ (12)
(9) , (12) ,
.
$\theta(s)=\alpha-K^{2}\{s\int_{s}^{1}\sin\theta d\rho+\int_{0}^{s}\rho\sin\theta d\rho\}$ (13)




$\frac{d\theta}{ds}(1)$ $=$ $-K^{2} \int_{1}^{1}\sin\theta d\rho$
$=$ $0$ (15)
, (10) . , (13) $s=0$ ,
(9) .
, (5) (9,10) (13)
.
$M(s)$ (13) $s$ ,
.
$\frac{d\theta}{ds}(s)$ $=$ $-K^{2} \int_{s}^{1}\sin\theta d\rho$
$=$ $-M(s)$ (16)
, $M(0)=M^{*}$
$M^{*}= \int_{0}^{1}K^{2}\sin\theta d\rho$ (17)
.




$x(s_{i})= \int_{0}^{s_{\iota}}\cos\theta ds$ (18)
$\bullet$
$y$
$y(s_{i})= \int_{0}^{s_{i}}\sin\theta ds$ (19)
$(0\leq s_{i}\leq 1)$
4
$[0,1]=[s_{0}, s_{n}]$ $n$ (13) , $n+1$ .
$\theta(s_{i})=\alpha-K^{2}\{s_{i}\int_{s_{i}}^{1}\sin\theta d\rho+\int_{0}^{s_{i}}\rho\sin\theta d\rho\}$ (20)
$($ $i=0,1,2,$ $\cdots,$ $n)$
, $\theta(s_{i})=\theta_{i}$ , $\theta_{0}\sim\theta_{n}$ ,
, (20) , $n+1$
.
$\theta_{i}$ $=$ $\alpha-K^{2}\frac{1}{2n}[s_{i}\sum_{j=i}^{n-1}(\sin\theta_{j}+\sin\theta_{j+1})+\sum_{j=0}^{i-1}(\rho_{j}\sin\theta_{j}+\rho_{j+1}\sin\theta_{j+1})]$ (21)
, (21) $\theta_{i}$ ,
















avsm$=ReadLi$st [’ $|d$ : anvsm10. dat “ , {Number, Number}] ;
shape$=ReadLi$st [” $d$ : devsm10. dat“, {Number 2 Number}] ;
bdata$=Partition$ [shape, 51] ;
Animat ion [Do [Show [
GraphicsArray $[\{$
Graphics [{RGBColor $[0.8,0.1,0]$ ,
Thickness [0.007] , PointSize [0.08] ,
Line [Take [avsm, $i]$ ] , Point [Part [avsm, $i]$ ] $\}$ ,
PlotRange $->\{\{0.0,7.0\}, \{-30. , 30.\}\}$ ,
Frame $->True$ , AspectRatio- $>1.0$ ,
Axe $s->Aut$omat ic],
Graphics [{RGBColor $[0.8,0.1,0]$ ,
Thi ckness [0.007], PointSize [0.08],
Line [Part [bdata, $i]$ ] , Point $[\{0.0,0.0\}]\}$ ,
PlotRange $->\{\{-1. , 1.\}, \{-1. , 1.\}\}$ ,
Frame $->True$ , AspectRatio- $>1.0$ ,
Axes-$>Automatic$ ] $\}]]$ ,
{ $i,$ $1$ , Length [bdata], 1} $]]$




$[0,1]$ $n$ , $K=5$
$n=20$ . $K=5$
,
. $-$ , $n$
$n=50$ . $10\cross 10^{-}8$
.
Wang[2] $K=1\sim 5$ , Runge-Kutta .
.
$K=1$ $M^{*}-\alpha$ Fig 2 . , $M^{*}$
$\alpha$ 1 1 . , $\alpha$
, .







1 2 3 4 5 6 7
Fig 2: Torque curve for $K=1$ Fig 3: Torque curve for $K=2$
, $\alpha$ $\pi$ 3 . , $\alpha$ $\pi$
, 1 $\alpha$ , 3 .
Fig.4–Fig6 $K=4,6,10$ $M^{*}-\alpha$ . $K$
, $\alpha$ $\pi$ . , $K=10$ , $\alpha$ $\pi$
, 1 $\alpha$ , 7 .
Fig 5: Torque curve for $K=6$Fig 4: Torque curve for $K=4$
Fig 7 Fig 8 $K=12,14$ $M^{*}-\alpha$ . , $M^{*}-\alpha$
, Fig. $2\sim$Fig6 $\alpha$ $0\sim\pi$
$M^{*}-\alpha$ . Fig.7 Fig.8 , $\alpha$ $0\sim\pi$
, $\pi$ 5 .




Fig 6: Torque curve for $K=10$ Fig 7: Torque curve for $K=12$











$\mathfrak{l}’ 1$ . $5$ . ,
Fig 9: Torque curve and cantilever config-
urations for $K=14$ in phase 1.
$w$
$M^{s_{P0}}$
. 1 . . ’ . $\gamma$
Fig 10: Torque curve and cantilever con-
figurations for $K=14$ in phase 2.
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$L:’$ . , . $7$
Fig 11: Torque curve and cantilever con-













1 . , . $3$ . $)$
Fig 12: Torque curve and cantilever con-











[1] N.Tosaka, S.Miyake : Analysis of a nonlinear diffusion problem with Michaelis-
Menten kinetics by an Integal Equation Method, Bull. Math. Biol., Vol.44, pp.841-
849, (1982)
[2] C.Y. Wang : Large deflection of a inclined cantilever with end load, Int. J. No-
Linear Mech. Vol.16, No.2, pp.98-107, (1976)
[3] S. Miyake,R. Sugino:Visualizations of Nonlinear Phenomena of an Inclined Can-
tilevers by Mathematica.(to appear)
[4] S. Miyake : Integral equation analysis for highly nonlinear problem of an inclined
cantilever with uniformly distributed load. (to appear)
[5] Milan Kubicek:Algorithm 502: Dependence of Solution of Nonlinear Systems on a
Parameter [C5], ACM Transactions on Math. Software,Vol.$2,pp.98-107,(1976)$
182
